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Abstract* The present report contains three-component foroe 

and mass-flow measurements on a jet nacelle at small 
inlet- velocity ratios v^/v 0 < 1. The mass-flow 
measurement on two cross sections of the nacelle 
demonstrates the local-velocity distribution with 
varying flow and angle, of attaok*. 
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I. INTRODUCTION 


The experimental investigation of jet-propulsion units* 
especially their performance in conjunction with the airframe* 
has gained gree^t importance recently* Numerous contributions in 
this field have already been made by the institutes for research. 
Industry also shows its Interest in this problem ty many tests 
of its csm. According to the report ( 1) measurements of the 
complete model are generally not necessary for a judgment of 
the interference effect of these propulsion units* measurements 
on a jet nacelle alone, or on wing-naoelle configurations are 
sufficient* 

Suoh a propulsion unit at small velocity ratio v^/v 0 < 1 
shall be investigated in the present treatise. Systematic 

*"Dreikcmponenten- und Durohflussmessungen an einer 
Strahlgondel. n Aerodynanisohes Institut der Teohnlschen 
Hochsohule Braunschweig* Berioht nr. U-5/5 • Braunschweig* 

March 8, 19^. 
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measurements on wing* jet naoelle configurations will follow 
later. It is Intended to uee the large amount of material on 
wing-fuse laga configurations oompiled at the Aerodynamio 
Institute of the Teohnisohen Eoohsohule Braunschweig for estimates 
of the influenoe of jet naoelle s. 

Henoe the first problem will be to perform three-component 
force measurements on a jet naoelle with flow passing through 
it. These measurements aim at determining the mode of dependency 
of the aerodynamic ooeffioients on the velooity ratio K— vj/v 0 . 
Besides flow measurements is various cross Beotione shall allow 
insight into the velocity distribution. . . 


11(a). MODEL SPECIFICATIONS 


A jet-naoelle model of oiroular- arose section was manufactured 
for this test. The model consists of a oylindrin-.- cowling with 
internal spinner. Only velooity ratios 0< }>, < 1 • oould be 

investigated since no blower had been built in. 

The cowling inlet was selected according t.o Dr. Kuohemann's 
specifications (2) for annular oowlinge of type. II with the 
constriction F^Fgp = 0»3» Fg representing the inlet cross 
secti on (table l). 

The tall portion of the nacelle -was shaped aooordlng to the 
AVA-drawing No. 100 tail portion II. 

The following dimensions resulted (fig. i)« ■■ 

. . . . Diameter D B p = 150 .millimeters 

Maximum length .of the oowling. . L r= 750 millimeters 
Maximum length of the naoelle (X=Q) -Inax* = 99P. millimeter s 
Finenese ratio l/p 8 p = 5 

The mass flow was regulated solely by variation of the exit 
cross seotion. . For this purpose the position of the tail portion 
of the spipner oan be adjusted. The free -stream; orpss section 
at. the exit oan thus be varied in five steps, with- the free - - 
cross -section areas differing 'by constant .amounts. 

• • ■ 

The .nacelle is provided with etatio orifices and pitot tubes 
(fig. 1) at sections A and 3 for the mass-flow measurements. . ... - 
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Orifices In the well are need for determination of the etatlo 
pressure. The total pressure In the slot is measured by means 
of a pitot tube which is radially moral) le. The pitot tube 
was made from a brass tube of the outside diameter = 1 milli- 
meter. and the inside diameter ■ 0,5 millimeter. . The nose of 
the pitot tube lies 5 millimeters ahead of the radial statlo 
Orifices in the cowling. • The adjustment is performed by meane. 
of a knurled nut (if j).' The pitoh of the thread is 0.5 milli- 
meter so that two revolutions cause an advande movement of 
1 millimeter. 

A oap was 'put over the opening for the incoming flow for 
the measurement of the jet nacelle as a streamline body. The 
dimensions are shown in figure 1. The. small step at the tail 
between oowling and -spinner of the nooello (in throttle 
position 1+) was not filled out with olay for the measurement of 
the streamline body. 


11(b). SYMBOLS 


The sense of direction of forces apd moments is established 
aooording to DIN L 100, 2. edition. The symbols used are 
enumerated be lew i 


V 

L 

L* 


*A 


maximum diameter of the nacelle 

largest bulkhead area of the nacelle ^P 6p = 0.0177 m?^ 
length of the nacelle - (oowling) 

length of the nacelle, (with streamlined tail portion) 
oonatrlotlon of the oowling inlet 
exit or os a section (0.00535 m^j 


^cowling innsr radius of the oowling at the oross -sections 
of measurements A and B 

^spinner outer radius of the spinner at the oross sections 
of measurements A and B 


\ . 


ve loo ity rati o 

undisturbed ve loo ity of the incident flow (n/s) 
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■ V A 

Q 

a 

q 

°a 

°w 

°M 

X 

1 


mean ve looity at tbs exit oross section ( m/s ) 
pass flew fn?/s) 
angle of attaok 

/p 2^ 

dynomio pressure of the undisturbed -flow l~ 7 0 y - < 

/ A \ 

lift ooeffioient of the naoelle 
drag ooeffioient of the naoelle 


(?"J 


moment ooeffioient with respect to the lateral 
axis* point of referenoei axis of the naoelle 


at the inlet oross section 


friction ooeffioient of the tube 


distance of the oross sections of measurements 
A and B (la 200 mm) 


(•»»*) 
(r^ 4 ) 


III. TEST PROCEDURE 


The measurement was oarried out in the . 1. 2-meter wind 
tunnel of the AITHB at a wind velocity of vq a I4D m/e, The 
velooity ratio was varied within the limits 0< X <0*76. 

The three -component foroe measurement was to give information 
on the aerodynamic quantities of the jet naoelle for various 
throttlings of the mass flow. For oomparlson the naoelle was. 
measured with a streamlined bowling. Moreover, two variation's 
of the naoelle were investigated at X = 0* (a) naoelle with nose 

oap and without tail oonej (b) naoelle without nose oap and with- 
out tail oone. (See fig. 2, configurations 7 and 8.) 

A wake survey was U6ed to determine the wire drag of the 
model suspension. 

The measurement of the pressure distribution in the oross 
seotions of measurements A and B (fig. -1) .led to the determination 
of the mass flow and of the velooity 'distribution. The velocity 
distribution and the mass flow in the exit oross section at an 
angle of attack a = 0° were asoertainod for oontrol. 
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The test program is given- in table. 2 . 

17 - TEST EVALUATION . 
(a) ■ Force Measurement 


The results of- the three-oomponent- tneakurement are represented 
nond imen s i ona 1 t 


°a = 


q p , 


ep 


* 0 * = 


q f 


sp 


* °M 


JL 


q p sp 


The saleoted reference values >werei 
F fl p = 0.0167 5 largest bulkhead area 

L = 0.750 m = length of the naoelle 

The point of reference for the longitudinal moment lies at 
midaxis of the nacelle inlet area* 


The wire drag of the model support which was ascertained by- 
wake survey was subtracted accordingly. The wire drag for these 
measurements lies between the limits w moelle /w gUB _ ension s 0.25 
to O.I4D. 

The Reynolds number for the three -component -measurement is 
vl/p~2.0 x 10°, referred to the length of the naocllo L= 750 milli 
meters. 


(b) Mass-Flow Measurements 


First, the looal velocity distribution in the slot between 
spinner and oowling oan be ascertained from the measured distribution 
of total pressure and static pressure. ■ The value of the mass 
flow follows by integration! 


A**- R oowlJ.ng 

Q = 2 ir | ■ v(r)r dr 

J?CR hub 
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The mean mass-flow results from the comparison of the four test 
points in the cross section of measurements. From this figure the 
mean velocity at the exit cross section can be calculated irlth 
which the veloooty ratio - X. is formed. The measurements taken 
for comparison at the sections A and B and at the exit cross 
section permit an estimate of the acouraoy of the method of 
measurement. (See table 3*) 

rvalues of the mass flow Q ( m?/ a ) I 


Therewith results a maximum deviation. from the mean mass 
flow of 1.5 peVcent. The measurement of velocity distribution 
near the wall is generally very sensitive due to the large 
velocity gradient. 

The static pressures which were ascertained for the sections 
A and B make a comparison to the known friction ooeffieients 
of the tube possible. 


V. TEST RESULTS 


The separate results of the force measurement are represented 
in the figure's 3 to 10. The c & (g) - , oj;(a) -curve s and the 
oolars for the most important cases are summarised in figures 11 
and 12. 

Figure 13 snows the drag ooeffieients o wo of the nacelle 
for a = 0° and various amounts of air passing through. A 
few measurement values from an AVA-report ( 3 ) arc drawn in for 
comparison. The drag of the tost naoelle at X-Q.6 is higher 
than the comparative value of the AVA- measurement and higher than 
the oustomarily given value o wo = 0.10 to 0.12 (1). The 
test points intimate a drag increase with increasing throttling. 

The contribution of the inside drag can be seen from a 
comparison of the nacelle drags with and without flow passing 
through. This contribution oan be traced back to the drag of 
the spinner and to the friction drag on the inside of' the 
0 oh ling. The difference Ao w * °w(maes flow) - <*w(\ = 0 ) ~ °«°5 
also is larger than in the AVA measurement mentioned above. 

The jet naoelle with a streamlined cowling produoes only a 
small drag reduction. In the variations additionally measured ■ 
(figs. 9 and 10) the unfavorable influence of the missing tail 
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cons is shewn by a drag increase. The unfavorable tail configura- 
tion of the ellipsoid of revolution 1:7* has the s^me effect. 

The compilation in chart ll; elucidates the relations with 
respeot to lift and pitching moment; dca/d a, . doy/da, and 
do^/doa are represented there as functions of ^ and oompared 
with existent test results. Two ranges of a * -6° to 6° 
and a > 6°. with essentially differing increases, result for 
the lift increase dOg/dQ. The lift increase with ^ can be 
seen dearly. 

The change in moment increase doiy/doa (moment reference 
point to axis of the naoelle at the inlet cross seatlon) for the 
measured naoelle in the range 0< \ < 0.76 is small. One pan 
recognize, however, that the unstable moment of the nacelle 
somewhat decreases with the mass flow. The moment curves 
(fig. 11) also show that far this cowling separation starts 
between a m 6° to 9°» 

Concerning the problem of the neutral point it is more 
favorable, according to ?*ulthopp, to have determined the neutral 
point for the friction lift. For this case solely the moments 
which are oaused by lift forces are considered. The free moment 
as it is obtained under the assumption of friotionless flow 
without resulting forces on the body of the nacelle, is subtracted 
from the measured moment. According to Ifarik (see (U)) the 
free moment can be ascertained for slender bodies: 

- ~ - 2 Vol (&2 - ki) 
q da 


(kg - ki) is a correction term for .the fineness ratio. 

The correction faotor oan be applied approximately to the jet 
nacelle. As a result, figure 15 shows the position of the neutral 
point of the existent friction lift as a function of a form factor 

■ 2 dA 

f » — which is dependent on the speoial lift relations of 

irqD Bp 2 da 

the naoelle. A definite lav/fulness in the position of the neutral 

1 Test body for wingifuselage combinations measured at the 
Aerodynamics Institute of the Teohnisohen Hoohsohule Braunschweig, 
see: Mfiller, "Systematisohe Sechskcmponenten-Measung Em FlQgel- 

Rurapf-Anordnungen. Jahrbuoh der Deutsohen Luf tf ahr tf or so hung 
19U2, I., p. 336. 
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point of the friction lift oan be seen. With the form faetore 
being equal the neutral point lies considerably further baok 
for the nacelle than for slender bodies. The position of the 
neutral point of the friction lift for the ellipsoid of. revo- 
lution 1*7 which was graphically represented f 6 r comparison 
approaches more the one for slender bodieB ( 5 )» 

According to IV(b) one first determines from the measure- 
ment of pressure distribution the dependency of the mass flow on 
the throttle position. A survey is given in figure 16. The 
highest velocity ratio obtained for this configuration is 
X = 0.76. 

Talcing the measured static pressures within the naoelle into 
consideration one oan use the pressure measurement for determination 
of the tube friotian coefficient The hydraulio radius 

r* = f/[J must be substituted for d in the well known formula 


\ = ._AP_ d 

tube p _2 l 

— v 

2 


(F - oross- sectional area of mass flow, U = wetted ciroum- 
ferenoe) ; therefore 


= &P L!h 

tube p _2 l 
2 v 


with v = Q/F = mean flow velocity at the cross seotion of 
measurements, l = distanoe between the two pressure tcBt points 
and r'h the hydraulio radius, — 0.00F>5 meter. It is note- 
worthy that with thu substitution of the hydraulio radius 


V , bo comes 1/0+ . and R* = 

tube tube e 


i_Lk= M 

u 4 


The 


interior of the Jet naoelle is well polished and the nacelle 
oan therefore be regarded us a smooth tube. Nevertheless 
the values valid for smooth tubes are not reached (fig. 17 ) 
for the reason that the flow is in starting condition. 

(See fie. 20, section A and B.) Figures 16 and 19 show the 
influence of the angle of attaok upon the flow conditions for 
the jet naoelle. A comparison of the four test points in the 
oross seotion of measurements A (fig. 18) shows up to a = 12° 
a good agreement in the velocity distribution. Only at a = 13° 
a flow displacement can be noticed at test point lj this 

r 
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< 

displacement la ole airly discernible for both throttle positions. 
Figure 19 show a the same tendency for teat point 1. However, 
this one-aide flow displacement does not Influence the mass 
flow. 


Due to the rapid increase in velocity near the wall, a 
alight dispersion of the teat points la unavoidable in this 
range; therefore they lie within the aoouraoy of measurement of the 
teat method used. The differences in velocity at the 0 enter of 
the cross section of measurements at a ■ 0° • (fig. 18) are caused 
by a slightly off oenter Doaition of the spinner. Figure 19 ehowa 
far all test points a small increase of the flow velocity with 
increasing angle of attaok. This phenomenon Is most probably 
caused by the influence of the domain of underpressure increased 
with Increasing' angle of attack at tho tall of the nacelle. 


VI. SUMHARY 


Force and mass-flow measurements were oarried out on a jet 
nacelle with the velooity ratio 0 < v^/v 0 < O. 76 . The result 
of the three-component f oroe measurement ie an increase of the 
lift curve slope and a decrease of the unstable moment of the 
nacelle wwith mass flow. The neutral point of the ftriotion lift 
which lies at xy/L ■ -0.95 for \ ■ 6 travels forward with 
increasing mass flow. The mass-flow measurement eluoidatee the 
flew behaviour in the inner spaoe of the naoello. An even 
velocity distribution in the annular oross section is to be found 
up to an angle of attaok of 12°. The one-side flow displace- 
ment which appears at a ■ 18° exercises no Influence upon the 
mass flow. 


Translated by Kary L. Mahler 
National Advisory Committee 
for Aeron&utioB 
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SABLE 1 

COdRDINASES CP THE C0WU3G INLET ACCCBDUO TO ZDCEB4AHN/WEBER (2) 


^E^sp 

» 0.30 

(Fg n, Inlet cross section) 

(l) Coordinates of the outside 

(2) Coordinates of the Inside 


p / R E " - 

*/Re “ 

r /RE ■ 

0 

1.237 

0 

1-237 

.05 

1.370 . 

.05 

1.113 

.1 

. 1.426 

.1 

1.075 

.2 

1.500 

.15 

1.056 

•3 

1.553 

.2 

1.035 

.1* 

1.596 

■3 

1.015 

•5 

1.633 

.4 

1.005 

.6 

I .665 

•5 

1.001 

•7 

1.693 

.6 

1.000 

.8 

1.718 



.9 

1.740 

(3) Radius of 

curvature p/Rjj 

1.0 

1-759 

1.1 

1.774 


1.2 

1.787 

(Coordinates of the center of 

1-3 

1.798 

1 curvature : 


1.4 

1.5 

1.807 

1.815 

x = p; r-r( x-0 )) 

1.6 

1.821 



1-7 

1.8 

1.825 

1.826 

p/Rj, ■ 0.175 

1-9 

1.826 



2.0 

1.826 
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TABLE 2 


to 


TEST PROGRAM 


Program 

Item 

Dynamic 

pressure 

q (kg/m 2 ) 

Angle of 
attack 
ct° 

Throttle position 

X “ V T o 

Figure 
no. - 

(a) Three-camponent'measuramrat ■ 

1 

1 

100 

a°=-6;-3;&- 

0 

■ 0.76 

1 

3 

2 

100 

.3, 6,. 9, 

2 

. .63 

4 

3 

100 • ■■ 

12, 15j 

3" ' 

.49 

- 5 

4 

100 

3J3, 21 

4 

0 

6 

5 

100 

a°--6;-3;0 

Streamline body 

0 . 

7 

6 

100 

3, 6,9, 

Variation: Jet naaalle 

0 

9 



12 , . 15 ;. 

■without tall cone 




100 

18 , 21 

Variation: ■ Streamline 
body without tall cone 

0 

■ 10 
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TABLE 3 

COMPARISON OF THE MEAN MASS FLOTS A1‘ THREE CROSS SECTIONS 

OF MEASUREMENT 


Throttle positidn 

0 

2 

3 

Cross sootion Ja 

0.1612 

0. 1358 

O.lQl+O 

of rao a sur aments JB 

.1617 

. 131+0 

.1055 

Exit cross section 

.1630 

.1367 

.1071+ 

Mean value 

.1620 

.1355 

. 105 Q 

Maximum deviation 
from the mean value in 
peroent 

.6 

1.1 

1-5 


TABLE 1+ 

VELOCITY RATIO A « tj/vq IN DEPENDENCY ON THE THROTTLE POSITION 


Throttle 

position 


Q (m?/ s) 

V A (Vs) 

\ *» v^/Vo 
(V 0 - 1+0 n/a) 

0 

1 

0, 1620 

30.3 

0.76 

2 

.50 

.1355 

25.3 

.69 

3 

.25 

.1056 

19.7 

.1+9 

k 

0 

0 

0 

0 
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TABLE 5 

-TUBE FRICTIOM .COEFFICIENT AS A FDNCTION OP THROTTLING 


Throttle 

position 

i*0 n/») 

▼ (h/b) 

i 

^tube 


0 

0.76 

30.8 

2.1*8 x 10“ 2 

6.92 x lcA 

2 


26.1 

2.66 

5.86 

3 

.1*9 

20.1 

t 

3.20 

1 

4.52 






sketch of the jet nacelle according to draalng go. 494 of the AJTIB 


Nose cowling for streaallne bodies copblned 
wl th gthrot tl e position 4. 


Tall portion of the spinner adjustable* 
to the positions 0"J~4 




///*? 






( tjw// 


Measure! ent 

of the static pressure: 




on spinner 

2*4- 

Test 

points 

(fixed) 

on Inner vail < 

of the cowling 2 * 8 

Test 

points 

(by plugs) 

Measurement of 

the total pressure In the 

inner 

sp ace 



£ * O Test points by adjustable plugs 


goae contour of th* inlet see Tabl* 1 


cross ssotion of ssasuresents U Q T“ Q 

Figure 1. Survey of the model. 
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Figure 2. Test program of the three-component force-measurement (survey) 
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Figs. 3,4 
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Figure 5. Jet nacelle A * V A /V 0 = 0.49 three-component force 
measurements c Q ( ) ; c„ ( oc ) ; c_ (c w ). 
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Figure 7. Streamline body; three-component force-measurements 
c a ( o'- ) ; Cy ( oc ) ; CgL ( ) . 


mmi 

BBBBBySSBi 



Figure 8. Ellipsoid of revolution 1:7 three-component force- 
measurements c a (oc); c w (oc ) ; c a ( c^ ) . 



























Fig. 12 
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Fig. 13 
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do J do J 


1.0 ■ 

streamline 


ellipsoid of 
revolution 


streamline 


ellipsoid of 
revolution 



moment reference point to nacelle axis inlet area 


V *A 


reference length L- O,7S0h 


Figure 14. Survey of the lift increase d c a /da: ; the pitching moment 
increase d c^/dcx:< the position of the neutral point 
d Cj^/d c a as a function of ^,= U A /V 0 . 
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Fig. 15 


1 dR 





Figure 15. Position of the neutral point of the friction lift. 


Figs. 16,17 
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Figure 16. Velocity ratio as a function of the throttle position. 



Figure 17. Comparison of the tube friction coefficients as functions of Re. 
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Figure 19. Velocity distribution in the cross section of measurements A cc= variable , 
test point constant. 


Fig. 19 NACA TM No. 1149 
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Fig. 20 




Figure 20. Velocity distribution in the cross section of measurements 
A and B oc = const. = C°. 
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